ABSTRACT Neurons displaying cholecystokinin-like immunoreactivity (CCK neurons) in rat and monkey cerebral cortex were examined by light and electron microscopic immunocytochemistry. CCK neurons were found to be mainly bipolar cells present in all layers and in all areas of the rat cerebral cortex. CCK neurons were also found in all regions examined in monkey cortex (preand post-central gyri and superior parietal lobule). The somata and the dendritic processes of CCK neurons receive relatively few synapses but both symmetric and asymmetric axosomatic and axodendritic synapses were found. The majority of axon terminals displaying CCK-like immunoreactivity formed symmetric synapses, most frequently with the somata and proximal dendrites of pyramidal and nonpyramidal neurons. The somata and processes of CCK neurons were also found to establish very close nonsynaptic associations with blood vessels and with other neurons, suggesting possible roles for the peptide in the maintenance of neuronal excitability and cerebral blood flow.
The octapeptide cholecystokinin (CCK) is one of several neuropeptides that has been identified in the mammalian cerebral cortex (1) (2) (3) . The localization of CCK in synaptic vesicle fractions of brain homogenates (4), its release from in vitro preparations in a calcium-dependent manner (4) , and its excitatory effect on hippocampal (5) and cortical neurons (6) are consistent with the suggestion that the peptide functions as a neurotransmitter in the cortex and elsewhere. However, CCK has yet to be localized at the fine structural level in the cerebral cortex. Cortical neurons displaying CCK-like immunoreactivity have been identified light microscopically in the rat (7, 8) but the nature of their pre-and post-synaptic relationships with other neurons are unknown. In the present study, we have used a well-characterized antiserum against CCK-8 (9) to examine the distribution, morphology, and synaptology of neurons that have CCK-like immunoreactivity (CCK neurons) in the cerebral cortex of both rats and monkeys. We show that, in addition to having many of the characteristics of typical local circuit neurons, CCK neurons in the cortex have unusual nonsynaptic relationships with other neurons and with blood vessels. 
MATERIALS AND METHODS
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. casionally diverge toward the proximity of blood vessels (Fig.  2) . In addition to the processes arising from the somata of CCK neurons, a concentration of fibers in layer VI of all areas of rat cortex displays CCK-like immunoreactivity.
The ultrastructure of CCK neurons is typical of many small nonpyramidal cortical neurons. They possess the usual complement of organelles but are often distinct from neighboring unlabeled neurons in having a deeply crenulated nucleus (Fig.  3) . The somata of CCK neurons receive relatively few synapses but these have either symmetric or asymmetric membrane thickenings (Fig. 4) . All synapses received by CCK neurons involve terminals that are not immunoreactive. The processes of CCK neurons have irregular outlines that, at the electron microscopic level, can be seen to give rise to protrusions, some of which resemble dendritic spines. Most processes receive symmetric and asymmetric synapses and are interpreted as dendrites (Fig. 4) . Other processes contain localized concentrations of vesicles, often quite close to their somata of origin, and are interpreted as axons.
Axon terminals displaying CCK-like immunoreactivity are present in all cortical layers. The terminals are small (I to 2 ,um in diameter) ( of capillaries or other blood vessels presumed to be venules or arterioles from the presence of smooth muscle cells in their walls. The somata and processes of a CCK neuron can virtually surround the soma of an unlabeled cell (Fig. 6 ) or a small blood vessel (Fig. 3) . In no case are membrane specializations seen at the contacts between the CCK neurons and the unlabeled somata or blood vessels, but the CCK cells can be in direct contact with another neuron or with the basal lamina of a vessel without any intervening astroglial processes (Fig. 3) . Similar associations of unlabeled cells are not evident.
DISCUSSION
Based on their dendritic morphology, neurons in rat and monkey cerebral cortex displaying CCK-like immunoreactivity are clearly nonpyramidal cells, mainly of the bipolar type. Several studies have previously indicated the presence of CCK and other peptide transmitter candidates in bipolar neurons of the cerebral cortex (10) (11) (12) . In the present study, we were able to demonstrate the fine structure of CCK neurons in rat and monkey cerebral cortex and the nature of the synapses they make with other neurons. The presence of both symmetric and asymmetric synapses on their somata is typical of small nonpyramidal cells generally (13) . The symmetric synapses formed by terminals presumably arising from axons of intrinsic CCK neurons and the close nonsynaptic associations these neurons have with other neurons and with small blood vessels raise several points for discussion.
Iontophoretic application of CCK onto cortical (6) neurons produces a marked increase in spontaneous activity, as would be expected from an excitatory neurotransmitter. Evidence from the present study shows that CCK-like immunoreactivity occurs predominately in cortical terminals forming symmetric synapses. These data together seem to represent an exception to the general principle of an association between excitatory Neurobiology: Hendry et al. A' 'A. synapses and asymmetric contacts (14) , unless some other inhibitory transmitter is coexistent with and co-released with CCK at the immunoreactive terminals.
Immunocytochemical studies have localized somatostatin (10) , vasoactive intestinal polypeptide (11) , and avian pancreatic polypeptide (12) in neurons of the cerebral cortex that closely resemble CCK neurons. In neurons of both the rat cortex (11) and human cortex (15) , somatostatin-like immunoreactivity has been reported to coexist with avian pancreatic polypeptide-like immunoreactivity. CCK-like immunoreactivity, itself, has been found to coexist with dopamine in neurons of the substantia nigra and ventral tegmental area (16) Golgi-impregnated bipolar neurons that closely resemble the CCK neurons have been identified in the rat visual cortex (20) but, unlike CCK neurons, their axons form exclusively asymmetric synapses (21) . Hence, two or more populations of intrinsic cortical neurons with bipolar morphologies probably exist but the transmitter associated with the cells forming asymmetric synapses remains to be identified.
The close association between CCK neurons and small blood vessels and unlabeled neurons suggests the possibility of a nonsynaptic function for CCK in the cerebral cortex. It may be that the CCK cell serves to monitor circulating blood factors and factors released by other neurons that could affect its own functional state. An alternative possibility is suggested by the fact that release of vasoactive intestinal polypeptide from autonomic nerve terminals in sweat glands and in the submandibular gland causes vasodilation (22, 23) and thus may promote secretion induced by co-release of acetylcholine. No evidence that CCK also has a vasoactive function has yet been reported, though it does, of course, affect smooth muscle tone in the gall bladder (24) . DiffiLsion of CCK away from its release sites might influence the excitability of neurons enfolded by a CCK cell or the contractile state of arterioles or venules that it surrounds. In this way, CCK and possibly the other peptides could serve to control both local neuronal function and local blood flow in a manner analogous to that suggested for vasoactive intestinal polypeptide in the peripheral nervous system.
